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1.1 Piezo-Actuators for Gurney flap concept 
1.1.1 Technology Review by the University of Twente 
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Concept 
 
Gurney flaps are small flaps which dimensions are usually less than 2% of the chord length of the blade 
onto which it is installed. The aim is to be able to actuate such a flap as the rotor blade goes around the 
helicopter to improve the lift on the retrieving side while not affecting the characteristics of the blade 
on the advancing side. This will enhance the lift and maximum performance of the rotorcraft [4, 5]. 
 
Requirements: 
 
 The mechanical energy developed needs to be sufficient to actuate the flap in the worst 
aerodynamic case. 
 The actuator needs to be sufficiently fast to execute one full cycle within one blade revolution. 
 The weight and space taken by the actuators must be as small as possible. 
 The actuators need to be embedded within the rotor blades and therefore need to sustain the 
high g-forces generated. 
 The reliability should be as high as possible to meet the time between maintenance checks. 
 
This review presents an actuator selection for actuating Gurney flaps according to these requirements. 
 
 
Investigation of the energy needed to deploy a Gurney flap: 
 
A computation is made using the CFD capabilities of ANSYS. The Naca 23012 profile is modelled for 
various angles of attacks and various positions of the Gurney flap (cf. Figure 1). The airflow speed 
chosen for the modelling is the maximum speed the blade can encounter: 214 m/s. Having the pressure 
distribution around the airfoil, it was possible to compute the force needed to counter the airflow for 
various angles of attack (cf. Figure 2) [3]. 
 
 
Figure 1: Pressure distribution for a steady state computation of the Naca 23012 profile with 2% chord 
length Gurney flap at the trailing edge at 214 m/s. 
 
 
 
Figure 2: Normal force acting on the Gurney flap for various and angles of attack. 
 
From these results, it is possible to estimate a maximum bound for the energy needed to deploy the flap 
per meter of wingspan. The result is that the actuator, should be able to deliver a maximum energy of 4 
Joules per meter of wingspan. 
 
 
General Actuation selection: 
 
The actuator selection is proceeded according to the following diagram. 
 
 
 
The actuator selection is considered for the Gurney flap within two very different concepts: the active 
control concept where the speed is the critical parameter. The second concept is the dual-speed concept. 
For this one many actuators are able to deliver the required mechanical energy at a low cost in weight. 
The selection is mainly made on the realism of integrating these in a rotor blade. 
 
This selection process can be applied to many other shape morphing problems that need an optimisation 
of the mechanical energy over the weight for a defined actuation speed. 
 
 
Active control 
 
Deployment time: 
 
The objective is to deploy and fold back the flap within one rotor blade revolution. The actuator should 
be able to deliver the 4 J/m two times per revolution and achieve a full cycle. The rotor angular velocity 
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Piezo-stack actuators are the most efficient piezoelectric actuators due to the high strain constants in 
the direction of the applied voltage and various types are commercially available. Their bandwidth is 
very wide and much larger than 4Hz. The figure that is going to be compared is the mechanical work 
that they can achieve within one cycle divided by the actuator weight. However, linear actuator cannot 
achieve a full stroke at 4Hz. In order to have a relevant figure, the strok
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The best stack actuato
Physik Instrumente. 
 Dimensions: 25 mm diam
 Work develope
 Weight: 934 g 
 Maximum Power @ 4.2Hz: 56 W 
 Life time @ 4.2Hz: 66 000 hours 
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The best linear actuator that delivers the most mechanical 
actuator M-674.164 PILine from Physik Instrumente. 
 Dimensions: 38 mm width
 Work develope
 Weight: 100 g 
 Maximum Power @ 4.2Hz: 15 W 
 Minimum Time Between Failure (M
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The weight and power required are calculated per meter of
le
 
Actuator 
Stack (1 m) 2 1.9 112 
Linear actuator (1 m) 11 1.1 165 
Stack (full blade) 12 11.2 672 
Linear actuator (full blade) 70 7 1050 
 
The linear actuator solution is much lighter than the stack actuator alternative, but the devices are 
already at its maximum capabilities in terms of speed, whereas the stack actuators bandwidth would 
allow not only to deploy the Gurney flaps as the blade goes around but also to perform active vibration 
duction at frequencies that are at least four times the revolution frequency (4/rev) [6]. re
 
 
Dual-Speed rotorblade: 
 
The dual speed rotorblade concept principle is to have two configurations for two distinctive 
flight conditions. Once the Gurney flap is deployed, it provided the wing with more lift and 
therefore the rotation speed of the blade could be decreased. This configuration would be 
suited for low altitude flight with a low noise signature as opposed to a high altitude cruise 
flight where noise is not important anymore and where the rotorblade can recover its initial 
profile. The actuators to achieve that configuration change do not need to be fast and should 
ot have high power consumption while holding the configuration (i.e the flap down). 
election give the Nexact stepped actuator from Physik 
idth and high, 80 mm long with 20 mm of travel range 
00 N with no power consumption 
TBF): space certification (100 000 hours) 
 Temperature range: -40 to +80 °C 
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For this problem, applying the actuator s
Instrumente as one of the best solution. 
 Dimensions: 50 mm w
 Work developed: 8 J 
 Holding force: 6
 Weight: 1150 g 
 Maximum Power: 48 W 
 Time to achieve one cycle: 20 s 
 Minimum Time Between Failure (M
tor ) W) 
One m e 0.5 0.6 24 eter of blad
Full blade 3 3.5 144 
 
For this problem, other solutions could have appeared as relevant in terms of power per weight like the 
quiggle actuator, but 100 actuators are needed to actuate one meter of wing. S
 
 
Limitations: 
hich would allow more control of the blade behaviour but would made the driving more 
omplex. 
 
The previous results need to be considered carefully. The figures shown do not take into account the 
mechanical part that will be needed to transfer the force and stoke to the Gurney flap and the 
electronics needed to drive the actuators that will also consumed some power. Regarding the number of 
actuators, it could also be interesting to have the flap divided into multiple sections individually 
actuated w
c
 
 
Conclusion: 
tuators have already been 
ccessfully integrated into demonstrators for active vibration damping [7]. 
 
Gurney flap from the actuator point of view seem to be a feasible and mature solution. The 
technologies discussed are commercially available solutions. They are able to deliver the mechanical 
energy required at a low weight penalty. The energy required for the active blade is comparable to the 
energy needed for de-icing the blade (around 1kW). The stack actuator solution presents some 
interesting possible multi-purpose usage. As in this control scheme, the flap is divided into multiple 
sections and the operating frequencies can be much more important, it would allow to modify quickly 
the envelope of the helicopter not only to increase the lift for the retrieving blade, but also for damping 
high frequency vibrations and twisting the blade. Furthermore, stack ac
su
 
 
